The present aim was to investigate the effects of traditional Chinese medicine prescriptions (TCM) on body temperature, blood physiological parameters, nutrient apparent digestibility and growth performance of beef cattle under heat stress conditions. Twenty-seven beef cattle were randomly divided into three groups as following; i) high temperature control (HTC), ii) traditional Chinese medicine prescriptions I+high temperature (TCM I) and iii) traditional Chinese medicine prescriptions II+high temperature (TCM II) (n = 9 per group). The results showed that the mean body temperature declined in TCM II treatment (p<0.05). Serum T 3 and T 4 levels with TCM I and TCM II treatments elevated (p<0.05), and serum cortisol levels of TCM I treatments decreased (p<0.05), compared with the HTC group. Total protein, albumin, globulin in TCM II treatments elevated and blood urea nitrogen levels of both TCM treatments increased, but glucose levels of both TCM treatments decreased, compared with the HTC group (p<0.05). The apparent digestibility of organic matter and crude protein with TCM I treatment increased, and the apparent digestibility of acid detergent fiber elevated in both TCM treatments (p<0.05). Average daily feed intake was not different among three groups, however average daily gain increased and the feed:gain ratio decreased with both TCM treatments, compared with the HTC group (p<0.05). The present results suggest that dietary supplementation with TCM I or TCM II improves growth performance of heat stressed beef cattle by relieving heat stress responses and increasing nutrient apparent digestibility.
INTRODUCTION
Feedlot cattle finished during summer months in South China are often adversely affected by heat stress conditions (Kui et al., 2010) . Summer conditions are described as above normal ambient temperature, relative humidity, and solar radiation. These conditions coupled with low wind speed can increase animal heat load, resulting in reduced growth performance, decreased animal comfort, and death (Mader et al., 2006) . Heat stress as measured by increased temperature-humidity index (THI) above critical thresholds is related to decreased dry matter intake and nutrient digestibility and to reduced efficiency of growth performance (West, 2003) . Several feed additives such as antibiotics have been used to relieve the negative impact of heat stress. However, a possible linkage between the use of antibiotics in animal feed and the transmission of antimicrobial resistant bacteria to humans have prompted researchers to explore other alternative approaches (Marshall et al., 1990) . Along with the prohibition of antibiotics as growth promoters in the world today, traditional Chinese medicine has subsequently become www.ajas.info pISSN 1011 -2367 eISSN 1976 increasingly interesting as alternative feed additives in recent years (Chen et al., 2007) .
Traditional Chinese medicine prescriptions (TCM) were formed by a combination of Chinese medicinal herbs according to the prescription-composing principles that have an almost infinite ability to synthesize compounds that have diverse bioactive properties, which have been exploited in human and veterinary ethno-medicine for thousands of years (Chen et al., 2010) . According to the TCM theory, Cortex Phellodendri, Rhizoma Atractylodes, Agastache rugosa and Gypsum Fibrosum with the following active constituents, C. Phellodendron alkaloid, R. Atractylodes Aetherolea, Herbal Agastachis Aetherolea and G. Fibrosum extract can be combined and applied to prevent or cure animal diseases caused by heat stress (Guo et al., 2011) . Our previous studies also demonstrated that TCM enhanced small intestinal glucose absorption and improved growth performance of pigs in a high temperature (40°C) environment (Song et al., 2009; Song et al., 2010) . While, the active constituent of Aurantii Nobilis Pericarpium (Hesperidin) provide strong cellular antioxidant protection (Wilmsen et al., 2005) and Magnolia officinalis (Magnolol) are prescribed for anxiety and stress related conditions involving elevated cortisol (COR) (Talbott et al., 2013) . In addition, Astragaloside IV, a characteristic component of Astragalus membranaceus and Baicalin, a major constituent of Scutellaria baicalensis have antihypertensive and hepatoprotective activities in animal models (Chien et al., 2011) . However, the effects of all previously determined TCM on heat stress responses and growth performance of beef cattle have not been clarified.
Thus, the present aims were to evaluate the effects of TCM as feed additives on body temperature, hormones, blood biochemical parameters and nutrient apparent digestibility and to determine whether TCM could be used to enhance growth performance in beef cattle under heat stress conditions.
MATERIALS AND METHODS

Animals and experimental design
Twenty-seven Jinjiang beef cattle with an average age of 10-month-old (standard error [SE]±1.8) and with a mean body weight of 210 kg (SE±20.0) were studied in a high ambient temperature environment during summer months (July to September) in South China. During the experiment, they were housed indoors in an individual pens (1.25×2 m 2 )
with a concrete floor. The trial had a Randomized Complete Block Design. The experimental cattle were randomly allotted to three treatment groups and each group comprised nine cattle (n = 9). The experimental period lasted 60 days. All experimental protocols were approved by the Committee for the Care and Use of Experimental Animals, Jiangxi Agricultural University, Jiangxi, China.
Experimental treatments and rations
Experimental animals of all three treatment groups were fed the same basal concentrate, which was formulated to meet the nutrient requirements of beef cattle (NRC, 2004) . The ingredient composition of the basal concentrate is shown in Table 1 . The three experimental treatments were; i) high temperature control (HTC), ii) TCM I (TCM I+high temperature) and iii) TCM II (TCM II+high temperature). The animals were offered forage grass (Pennisetum hydridum) and water ad libitum, and the chemical components of forage grass was shown in Table 2 .
Preparation of TCM I and TCM II
All raw materials for TCM I and TCM II were bought Table 3 . All dried Chinese herbs were smashed through a 2.5 mm screen sieve, then TCM I and TCM II were added into the basal concentrate of TCM I and TCM II treatment groups at a same dose of 10 g/kg, respectively.
Measurement of temperature-humidity index and body temperature
Dry bulb temperature and relative humidity were measured using a hygrometer at 08:00, 14:00, and 20:00 hrs, and the average daily temperature and humidity index (THI) were calculated using the following formula: THI = db (°C)-(0.55-0.55RH)×(db-14.4), where db °C as dry bulb temperature and RH = relative humidity percentage/100. The THI classifications for heat stress are as follows: no stress, ≤74; mild stress, 74<THI<79; high stress, 79≤THI<84; and severe stress, THI≥84 (Berman, 2005) . Body temperature was measured via rectum using a digital thermometer (Crison Model 637, Crison Instruments, barcelona, Spain) at 08:00 hrs on days 20, 40, 60 during the experimental period.
Hormonal and blood biochemical analysis
On days 20, 40, and 60, blood samples (15 mL each)
were collected at 14:00 hrs from the jugular vein, using serum separator blood drawing tube (Sarstedt Monovete, Nanjing Jiancheng Bioengineering Institute, Nanjing, China). Serum was obtained by immediate centrifugation (10 min, 4°C, 1,500 g) and kept at -80°C until analysis. The concentrations of triiodothyronine (T 3 ), thyroxine (T 4 ) and COR, were determined by using radioimmunoassay kits (Zhongcheng Mechanical & Electrical Co., Hefei, China). Blood glucose (GLU), total protein (TP), albumin (ALB), globulin (GLO) and blood urea nitrogen (BUN) were determined by using spectrophotometric kits (Nanjing Jiancheng Bioengineering Institute, Nanjing , China).
Nutrient apparent digestibility tests
Samples of concentrate and forage were collected daily during the experiment period and at the last 5 days of the experimental period; the total daily feces from each pen were weighed, totally collected and stored at -20°C until analysis. Before the analysis, the fecal samples from each pen and each single day were combined, mixed thoroughly, and 3% of the wet weight was sampled.
Feed, forage and fecal samples were dried in a forced air oven at 65°C for 72 hrs and then ground by the Wiley mill through a 1 mm screen sieve. These samples were analyzed for the dry matter, organic matter (OM), crude proteins (CP), ether extract (EE), acid detergent fiber (ADF), neutral detergent fiber (NDF) according to the AOAC (2001) method. The calcium (Ca) content was estimated by the method of ethylene diamine tetraacetic acid complexometric titration and total phosphorus (P) content was estimated by the method of visible spectrophotometer, according to GB/T 6436-2002 and GB/T 6437-2002 in China national standards. Then, the apparent digestibility of OM, CP, CF, ADF, NDF, EE, Ca and P was calculated. 
Determination of the growth performance
Body weights of animals on an empty stomach were measured at 09:00 hrs on days 0, 20, 40, and 60 of the experimental period and daily feed intakes were recorded. On the basis of these data, average daily feed intake (ADFI), average daily gain (ADG) and the feed:gain (F:G) ratio were calculated.
Statistical analysis
The results are expressed as means with their standard errors. Prior to statistical calculations, data observed were tested for normal distribution with Shapiro Wilk test. Treatment effect was evaluated for significant differences with one-way analysis of variance (PROC general linear model -Univariate) according to Randomized Complete Block Design. Fisher's least significant difference test was used to determine significant differences between groups. All statistical calculations were performed using a commercial software package (SPSS version 12.0, SPSS Inc., Chicago, IL, USA). The level of statistical significance was preset at p<0.05.
RESULTS
Temperature-humidity index and body temperature
The average daily THI values during the experimental period were higher than 79 for 55 out of 60 days. Daily changes of THI values at 08:00, 14:00, and 22:00 hrs during the experimental period are presented in Figure 1 . There was no differences of body temperature between HTC and TCM I groups observed during the experiment period (p>0.05). Dietary supplementation with TCM II showed a significant decline of body temperature on day 20 (p<0.05) but no significant difference of body temperature was recorded on days 40 and 60, compared with HTC group.
Changes of body temperature of all groups are presented in Figure 2 .
Thyroid hormones and cortisol
The effect of TCM I and TCM II treatments on T 3 , T 4 and COR levels are shown in 42.68% (p<0.05) and 17.05% (p<0.05) on days 20, 40, and 60, respectively and with TCM II treatment were declined by 17.92%, 20.73%, and 10.23% respectively (p>0.05).
Blood biochemical parameters
The effects of TCM I and TCM II treatments on blood biochemical parameters are shown in Table 5 . Comparing with HTC group, blood GLU levels of TCM I and TCM II treatments on day 20 were decreased by 37.00% (p<0.01) and 18.65% (p<0.05), respectively and TP levels of TCM II treatment on days 20, 40, and 60 were increased by 7.80% (p<0.05), 7.29% (p>0.05) and 9.76% (p<0.05), respectively but no difference was noticed between the TCM I treatment and HTC group. The ALB levels with TCM II treatment on days 60 were increased by 15.59% (p<0.01) but no differences were recorded on days 20 and 40. Comparing with HTC group, GLO levels of TCM I and TCM II treatments on day 20 were increased by 9.07% (p>0.05) and 12.81% (p<0.05), respectively but no difference was noticed among groups on days 40 and 60 (p>0.05). There was no significant difference in BUN levels among groups on days 20 and 40 but there was an increase by 27.61% and 25.0% on day 60 with TCM I and TCM II treatments, respectively (p<0.05). Table 6 shows the effect of TCM I and TCM II treatments on nutrient apparent digestibility of beef cattle 
Nutrient apparent digestibility
Growth performance
The effects of TCM I and TCM II treatments on growth performance of beef cattle during the experimental period are presented in Table 7 . No difference was noticed in the ADFI among three groups. Comparing with HTC group, dietary supplementation with TCM I increased ADG during days 1 to 20, 21 to 40, and 41 to 60 by 156% (p<0.01), 52.38% (p<0.01) and 18.75% (p>0.05), respectively and with TCM II increased ADG by 238% (p<0.01), 47.62% (p<0.01), 28.12% (p<0.05), respectively. Meanwhile, the F:G ratios on days 1 to 20, 21 to 40, and 41 to 60 with TCM I treatment were increased 50.99% (p<0.01), 26.20% (p<0.01), 16.23% (p>0.05), respectively and with TCM II treatment were increased 59.63% (p<0.01), 26.46% (p<0.05), 20.94% (p<0.05), respectively. No significant difference was noticed in the ADG or the F:G ratio between TCM I and TCM II treatments, comparing with HTC group.
DISCUSSION
Temperature-humidity index, calculated by temperature and relative humidity is used to indicate heat stress conditions in animals (Mujibi et al., 2010) . The critical values for minimum, mean and maximum THI were 74, 79, and 84, respectively (Mader et al., 2006) . In this trial, the daily THI values during most of the time period were in excess of 79 and this indicated that the experimental beef cattle in South China were substantially affected by heat stress during summer months. Body temperature is an excellent indicator of animal's susceptibility to heat load. Rectal temperature is generally considered as a good index of core body temperature even though there is considerable variation among different parts of the core body and at different times of the day (Srikandakumar et al., 2004) . In this trial, dietary supplementation with TCM I and TCM II numerically declined rectal temperature, compared with HTC group but a significant decrease of rectal temperature was recorded in TCM II treatment. Similarly, our previous (Wilmsen et al., 2005) and M. officinalis is used for treatment of anxiety and stress related conditions involving elevated COR, such as sleep disturbances and restlessness in humans (Talbott et al., 2013) . A. membranaceus and S. baicalensis also provide antihypertensive and hepatoprotective activities in animal models (Chien et al., 2011) . TCM II was composed of four dried herbs; Cortex Phellodendri, Gypsum Fibrosum, Rhizoma Atractylodes, and Agastache Rugosa. Among these herbs, C. Phellodendron and G. Fibrosum play an important role on clearing heat (Lu et al., 2006; Ikarashi et al., 2013) , as well as A. Rugosa and R. Atractylodes are damp-clearing medicines (Yan et al., 2006) . It was also reported that the effects of these TCM decoctions in vitro enhanced the antioxidant status and reduced lipid peroxidation in heatstressed intestinal crypt-like epithelial cells (Guo et al., 2011) . As well, the effects of these herbal extracts may recover splenic lymphocytes from the immunosuppression induced by heat stress (Zhu et al., 2011) .
Stress responses of animals are excited mainly by the activation of hypothalamic-pituitary-adrenal (HPA) axis and the adrenocorticotrophic nervous system (Ishii et al., 1997) . HPA axis is the stress response modulator, which transformed the nerve, endocrine and the cell factor information as the physiological reaction. Heat stress activates HPA axis of animals and causes a series of physiological and metabolic changes, and changed metabolic status elicited by elevated COR and reduced thyroid hormones (T 3 and T 4 ) levels. The present data showed that COR levels with TCM I and TCM II treatments had a significant decrease but T 3 and T 4 levels were increased, compared with the HTC group. These results clearly indicated that both TCM I and TCM II played an important role in relieving heat stress responses of the experimental beef cattle. As well as, there was a marked increase in TP and BUN with TCM I and TCM II treatments, and the same result was found in the nutrient apparent digestibility of CP. These changes may be associated with the increased levels of thyroid hormones, which play an important role in the animal's adaptation to environmental changes, and T 3 also promotes glucose absorption and utilization of animals.
Several investigators also reported that hot environment (26 to 40°C) impaired the ADFI and ADG of pigs (Sutherland et al., 2006) and dairy cattle (Nonaka et al., 2008) . In the present results, dietary supplementation with TCM I or TCM II increased ADG and decreased the F:G ratio of heat stressed beef cattle, but no difference of ADFI was observed. Therefore, the contributions of TCM I or TCM II to growth performance of heat stressed beef cattle were different to the changes of metabolic and stress-related hormones, blood biochemical parameters and the apparent digestibility of OM, CP, and ADF. A possible explaining is that TCM I plays an important role in improving the nutrient digestibility and growth performance by invigorating spleen and stomach and improving antioxidant status, but TCM II may alleviate heat stress by keeping constant normal body temperature of cattle in hot environments. Several studies also indicated that traditional Chinese medicines provide anti-heat stress effects by regulating biochemical parameters and improving antioxidant status of dairy and beef cattle (Jin et al., 2008; Zhao et al., 2008) . It was also confirmed that heat stress syndrome is the combination of reactions from endocrine and immune and digestive systems and traditional Chinese medicinal compounds improved heat stress reactions by their functions on regulating all over animals body.
CONCLUSION
Summer environment in South China induced heat stress in the experimental beef cattle. Dietary supplementation with TCM I and TCM II improved growth performance in heat stressed beef cattle by relieving heat stress responses and increasing nutrient apparent digestibility.
